Thank you for submitting your manuscript for consideration by The EMBO Journal. It has been now been evaluated by three referees and I enclose their reports below. As you will see the referees find the study to be potentially interesting but they require some further experimental evidence for the existence of a novel promoter element and to make the study suitable for The EMBO Journal.
The referees raise a number of issues including regarding the consensus sequence for Z-element, quantitation of the data and more evidence for a direct interaction between the beta' zipper and the spacer. After discussing the reviewer comments with the referees we find that the crosslinking data in the Naryshkin paper are not sufficient to conclude that the beta' zipper is involved in contacting the spacer. Also, based on the comments of referee #2 and further discussion with referee #3, KMnO4 footprinting experiments should be performed with a zipper deletion enzyme or point mutants. Furthermore, for generality, the roles of the Z-element and the beta' zipper in transcription need to be extended to another model system such as E. coli. Given the interest in the study, should you be able to address the concerns we would be happy to consider a revised version of the manuscript for publication in The EMBO Journal.
I should remind you that it is EMBO Journal policy to allow a single round of revision only and that, therefore, acceptance or rejection of the manuscript will depend on the completeness of your responses included in the next, final version of the manuscript. When you submit a revised version to the EMBO Journal, please make sure you upload a letter of response to the referees' comments. Please note that when preparing your letter of response to the referees' comments that this will form part of the Review Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process initiative, please visit our website: http://www.nature.com/emboj/about/process.html 4. The only substantial criticism has to do with the consensus sequence for the Z element: it strikes me that the logic is circular. Is there any more information defining the Z element than the deletion analysis? This gives its position and some information about the values of different bases, but only some. How were the Z elements defined in the 11% of promoters that are purported to have them, i.e was the Z element in the original promoter taken as perfect, and matches to this sequence measured? Wouldn't it be essential to have a functional analysis of the various possible sequences at this site in order to construct a consensus? Maybe some of the sequences in the remaining 89%, some of which certainly were related, actually would be stronger Z elements.
Related to this question: Is there any evidence that the Z element is functional in E. coli? Do the sequences identified by computer in E. coli in fact have any activity in E. coli? Figure 1B and related figures the whole promoter sequence were written out.
It would be better if in

Referee #2
Understanding how promoter DNA is recognised during gene specific transcription is a fundamental issue, and needs to be fully understood. Over the years the roles of the bacterial sigma factors and the alpha subunit of the core RNA polymerase in establishing promoter specif DNA binding have been intensively explored, and models for -10, -35 and UP element recognition have been elaborated.Zenkin and colleagues now report evidence for recognition of the basal promoter element, specifically -22 to -18 DNA by the zipper structure of the beta prime subunit of RNA polymerase.The paper would benefit from some explicit controls and data quantifications, as well as acknowleging some of the issues which remain unresolved.
Evidence for the existence of a previously unreported recognition event is presented throughout the paper, often through use of the T7A1 promoter and variants of it.
The paper would be stronger if for instance:
..."'and σA mutant lacking region 4.2 (σ1-390). Unexpectedly, as seen from Fig. 1C the mutant holoenzyme was active on both [-10/-35] and [-10] promoters (see Supplementary Note for details), indicating that interaction(s) other than the interactions of σR4 with DNA are responsible for promoter utilization."" -This section and the following describing truncation of thepromoter sequnces were supported by titrations of wt and R4 deletion holoenzymes binding to the wt promoter, its -35 mutation form, as in RPc as well as giving fraction of RPo.
""As seen from Figure 1E , lanes 1-4, mutant RNAPs were active in the presence of specific interactions of σR4 with -35 element (differences in activity were due to various specific activities of enzyme preparations)."" Seems a throw away unless this is rigorously documented in the supplemantals, and the data are then normalized across the experiments and this data presented with a clear explanation of how the activities were arrived at.Currently, what is a specific effect of the zipper versus general effects on activity are taken as a leap of faith.
""However, in the absence of σR4 (when assembled with σ1-390) only removal of the β' zipper abolished all transcription (Fig. 1E , lane 2'), suggesting that the β' zipper establishes interactions with the spacer."" Can a decrease in RPc be shown to be the basis of the no transcripts-or is there a defect in isomerization to form RPo too?
The authors cite some cross-linking data, but is this of sufficiently high resolution to be sure the seqs assigned to the cross link are in the Zipper ?
""In agreement with our conclusions, chemical cross-linking in the open complex (Naryshkin et al, 2000) revealed the contacts of the N-terminal region of β' subunit with both DNA strands around the position -20.""
The extent of decrease needs to be given in the text, and again is this at the level of RPc and or RPo?Later one learns of a KMnO4 footprint, which goes some way to answering the question.
""As can be seen from Figure 2A , switching of the spacer sequence in the absence of either -35 element or σR4 domain decreased the level of transcription (Fig. 2A, lanes 4, 4', 6 , 6') .
Similarly-how much the spacer seq interaction contributes needs to be given in the text, and arguments that the spacer seq variants don't impact on -35 and -10 recognition needs to be marshalled-since they may cause eg changes in DNA trajectory in RPc, with effects on -10 and or -135 binding.Later the authors admit changes in DNA structure might be at play: At present, we cannot distinguish whether the Z-element is recognized as a sequence or if it changes the local conformation/properties of the promoter DNA (Liu et al, 2004) , though promoter curvature prediction favors the former possibility ( Supplementary Fig. 3E ).
""specific interaction of the β' zipper with the spacer were found to contribute to promoter strength even in the presence of specific -35-σR4 interactions ( Supplementary Fig. 3A ).
Can the authors distinguish unstable RPo formation-did they try permanganate without a heparin challenge for example? Also, do the authors know that RPc persists when KMnO4 conditions are used in their concluding that RPo formation is not occuring?
""The results indicate that in the absence of specific interactions of σR4 with the -35 element, the β' zipper establishes sequence-specific interactions with the spacer that are required for the formation of the promoter open complex."" The pausing section-again, might it be correct -10 recognition is needed via a an optimal spacer sequence helping to place he recognition elemnst of teh sigma in register?Again-I quote from the authors review of the DNA structure considerations:
""At present, we cannot distinguish whether the Z-element is recognized as a sequence or if it changes the local conformation/properties of the promoter DNA (Liu et al, 2004) , though promoter curvature prediction favors the former possibility ( Supplementary Fig. 3E )."" Referee #3
This manuscript reports identification of a new element in a bacterial promoter. The data further support a notion that bacterial promoters possess several elements that function semi-independently by interacting with different parts of RNAP. The absence of contacts with one element may be suppressed by interactions with another. In this manuscript, Yuzenkova et al show that a promoter without a functional -35 element recognized by the sigma region 4 can be rescued by a Z-element (CTAACCT) that they argue is recognized by the β' zipper loop. The data are interesting and contribute to our understanding of the mechanism of transcription initiation. However, the authors make several claims that are not sufficiently supported by the data presented in this work. These claims have to be moderated or strengthened by additional experiments.
1. In the abstract and throughout the manuscript the authors state that the Z element is recognized specifically, using the same terms to describe the interactions between the other promoter elements and the σ subunit. Their data, however, do not show that this interaction is (i) direct (a reference to crosslinking by Naryshkin et al. is not adequate because that crosslink has not been mapped to the zipper) and (ii) base specific. A rigorous proof of this statement would require a lot more work, e.g., identification of a suppressor mutant. What is actually shown in this work is that (i) substitutions of two residues in the zipper abolish or reduce transcription from a -35-less promoter that is dependent on the Z element, and (ii) a substitution of all 7 bases in the Z element for complementary residues reduces (but does not eliminate) the promoter function. The authors acknowledge (on page 14) that they can't determine whether the β' zipper recognizes the sequence or the structure; the text should be modified to reflect this uncertainty.
2. The authors identify the Z element as a defining feature of a "novel class of bacterial promoters" and state that 10% of bacterial promoters may have this element. This implies that the conserved zipper plays the same role in all bacterial enzymes. The authors apparently assume this to be the case: the in vitro analysis is performed with the T. aquaticus RNAP (interestingly, the EσA was not defined on page 6 or in Fig. 1 legend) whereas bioinformatics analyses were done with E. coli and B. subtilis promoters. To make their claim stronger, the authors should demonstrate that the Z element and the β' zipper play the same role in another model system. E. coli would be the simplest one to test. It would also make sense to use one of the "novel promoters" identified bioinformatically in place of bacteriophage promoters. Showing that the new "basal" promoter element and the β' zipper act together in diverse systems would be of sufficient general interest to the transcription community to warrant publication in the EMBO Journal.
3. If the Z element is recognized by the zipper, the removal of either element should (in a simple model) have a similar effect on transcription. However, in the only quantified data set (pausing at a promoter-proximal site; Fig. 3 ) deletion of the zipper and the Z-element substitution led to different (but not defined) effects on RNAP escape from a σ-dependent pause. The authors should comment on this observation. Also, although qualitatively the conclusions appear sound, all the data should be quantified to facilitate interpretation and provide an estimate of experimental errors in these measurements (for example, in Fig. 1D ).
Minor comments 1. State that T. aquaticus RNAP was used when introducing the assay (on page 6).
2. Although it is true that no core RNAP element (except αCTD) has been shown to specifically recognize DNA (page 13), early studies from the Losick lab and later work from the Landick lab reported core-specific differences in promoter recognition by the E. coli and B. subtilis enzymes. The relevant promoter and core elements have not been identified but is appears that not all core RNAPs are created equal -necessitating testing the generality of any new findings.
3. The manuscript is well written and easy to follow; however, there are a few inaccuracies that should be corrected. For example, the references are not formatted consistently. Also, the Materials and Methods have been copied and pasted from another manuscript -a reference to the "salt stability experiments" is clearly horizontally transferred; the rest of this section should be checked for accuracy. In figures 1 and 2, black vertical lines are defined in identical words 3 times, once would be enough.
4. Scale the Supplementary figures up -the fonts are too small and difficult to read. -We performed additional experiment (single base pair substitutions) to analyze the consensus sequence of the Z-element, which revealed that it is indeed close to the sequence of promoters used in our study.
-We present quantification of all data.
-We agree that any cross-linking experiments cannot serve as a proof of direct interaction. We removed the reference to the work by Naryshkin et al. Instead we performed additional more decisive experiments that strongly support the idea that the β' zipper contacts DNA directly. We showed (by using DNase I and KMnO 4 footprints and tests for salt and competitor stability of promoter complexes formed by β' zipper deletion enzyme) that the β' zipper participates in stabilization of the closed promoter complexes, both in the presence and absence of the -35 element. DNaseI footprints also revealed the change in the conformation of the spacer DNA upon interaction with wild-type, but not β' zipper deletion, RNAP. Taken together with observations that (i) the function of the β' zipper is determined by two amino acids that face the promoter spacer in the crystal structure of promoter complex, and that (ii) β' zipper function is apparently abolished by shortening the promoter spacer beyond the position of their possible interaction in the crystal structure, the new data lend strong support to the idea that the β' zipper acts through direct contacts with DNA.
-As mentioned above, we performed DNase I footprinting and KMnO4 probing with the β' zipper deletion enzyme, which revealed that the β' zipper is required for promoter closed complex formation and stabilization.
-We performed additional experiments with E. coli and B. subtilis RNAPs, which confirmed our conclusions obtained with T. aquaticus RNAP on the roles of the Z-element and β' zipper in promoter utilization. We analyzed σ-dependent pausing with E. coli wild-type and mutant (in the β' zipper) RNAPs. These results also supported our conclusions on the participation of β' zipper and the Z-like element of the pause-inducing sequence in efficiency of promoter-proximal pausing. We also analyzed the roles of amino acids that determine the function of the β' zipper in promoter utilization (but not promoter escape, elongation or termination) in vivo with E. coli cells, and found that mutation of these amino acids are either lethal or decrease cell viability. Taken together these results suggest that functions of the β' zipper and Z-elements are conserved among bacteria.
-We performed all necessary controls suggested by the referees (such as NTP addition properties and specific activity of the β' zipper deletion enzyme, DNase I footprint in the conditions of KMnO 4 probing).
More detailed description of the changes to the manuscript in response to Referees' comments is below.
Referee #1
This a convincing demonstration of a novel RNA polymerase-core interaction at promoters, as well as at sigma-dependent pause sites. The data is complete and requires little comment, except for points noted below.
In the first paragraph of the Introduction, to be complete, it might be useful also to mention the discriminator region and its interaction with σR1.2, and possibly the interaction mentioned later (Nechaev & Geiduschek).
We modified the Introduction accordingly.
2. This paper studies T. aquaticus RNA polymerase, whereas most biochemistry of bacterial RNA polymerase has been done with E. coli. That's fine, but it might be useful to put the name of the organism in the title.
We performed additional experiments with E. coli and B. subtilis RNAPs, which were consistent with, and supported the data obtained with T. aquaticus RNAP. We therefore left the title as it was, but clarified throughout the Results section when T. aquaticus RNAP was used for analysis. Figure 2E could be said in a few words, e.g. "The Z element will substitute for the lack of an active -35 element".
The old saying is that a picture is worth a thousand words, but sometimes it's the other way around: all of the information in
We agree with the referee and removed this panel from Figure 2 . We further analyzed some single base-pair substitutions in the Z-element ( Supplementary Fig. 5C ).
Most of them decreased transcription in the absence of the -35 element, though the effects were modest (less than 2-fold). This suggests that the sequence of the Z-element of the T7A1 promoter may be close to the consensus sequence, though further analysis will be required to determine the exact consensus sequence (consensus also may be "loose", given the small effects of single substitutions). We incorporated additional data, changed the text to highlight remaining uncertainty regarding the Z-element consensus and moderated the conclusions drawn from bioinformatics analysis (page 15, para 2; Supplementary Note, page 3). We performed extensive additional experiments with E. coli RNAP (wild-type and bearing mutations in the β' zipper), which showed the behavior that is similar to that of T. aquaticus with respect to the Z-element and the β' zipper functions, both in transcription initiation (Fig. 3A) and in σ-dependent pausing (Fig. 4C) . We also observed similar effects with B. subtilis RNAP (Fig. 3B) . Furthermore, we found that substitutions of amino acids that determine the function of the β' zipper during promoter utilization are either lethal or decrease the viability of E. coli cells (Fig. 3D ). These mutations do not change promoter escape or elongation properties (except for σ-dependent pausing) in vitro ( Supplementary Fig. 6A, B) , suggesting that lethality is caused by defects in promoter utilization. Taken together, the new data suggest that the functions of the β' zipper and the Zelement in promoter utilization and σ-dependent pausing are conserved among bacteria. These new data have been incorporated in the manuscript and the text has been changed accordingly (pages 13-18).
Related to this question
For bioinformatics searches we used only promoters with experimentally determined transcription start sites. We agree that further detailed analysis of these promoters and the functionality of their putative Z-elements is required, however this is outside the scope of our paper. We changed the discussion of bioinformatics results and softened conclusions made from these results (page 15, para 2; Supplementary Note, page 3). Figure 1B and related figures the whole promoter sequence were written out.
It would be better if in
We changed the figures as suggested (Fig. 1B, 3C, Supplementary Fig. 1A, B) . We now present quantification of all data, performed additional required controls, highlighted unresolved issues, and addressed all specific comments as itemized below.
Referee #2
Evidence for the existence of a previously unreported recognition event is presented throughout the paper, often through use of the T7A1 promoter and variants of it.
..."'and σA mutant lacking region 4.2 (σ1-390). Unexpectedly, as seen from Fig. 1C the mutant holoenzyme was active on both [-10/-35] and [-10] promoters (see Supplementary Note for details), indicating that interaction(s) other than the interactions σR4 with DNA are responsible for promoter utilization."" -This section and the following describing truncation of the promoter sequences were supported by titrations of wt and R4 deletion holoenzymes binding to the wt promoter, its -35 mutation form, as in RPc as well as giving fraction of RPo.
All transcription experiments were done at equilibrium conditions, in the absence of heparin and in the presence of 5-fold molar excess of promoter DNA over enzyme. T. aquaticus (but not E. coli) RNAP forms very unstable RPo even on strong promoters (see for example Fig. 2C , and references in para 1 of Results section). Therefore, transcription activity reflects the affinity of T. aquaticus RNAP to promoter and/or the efficiency of promoter opening (transcription is also obviously influenced by specific activity of RNAP preparation [see the answer to the following comment], but this is not important when activity of one RNAP is compared on different promoters). To distinguish between closed and open complexes formation, we performed DNase I footprinting and KMnO 4 probing. Given the instability of RPo, we could not use heparin to measure the fraction of RPo, and all KMnO 4 experiments were performed without heparin, at equilibrium. This, however, allowed us to monitor formation of unstable complexes and directly compare formation of closed and open complexes among different enzymes and promoters.
Taken together, the properties of transcription initiation by T. aquaticus RNAP and experimental conditions used allow the observation of changes in RNAP affinity to promoters and efficiency of promoter opening without the need for complicated RNAP titrations. The explanation of conditions used (page 6, para 1; page 9, bottom and throughout the manuscript) has been incorporated into the revised version of the manuscript.
""As seen from Figure 1E, lanes 1-4, mutant RNAPs were active in the presence of specific interactions of σR4 with -35 element (differences in activity were due to various specific activities of enzyme preparations)."" Seems a throw away unless this is rigorously documented in the supplemantals, and the data are then normalized across the experiments and this data presented with a clear explanation of how the activities were arrived at.Currently, what is a specific effect of the zipper versus general effects on activity are taken as a leap of faith.
As mentioned in our answer to the previous comment, all transcription experiments were performed in the conditions of 5-molar excess of promoter over RNAPs. Given that T. aquaticus RNAP does not form stable RPo, transcription at these conditions by different enzymes may reflect either the efficiency of promoter complexes formation (as described in the answer to the previous comment) and/or specific activity of RNAP (the rate of phosphodiester bond formation and/or proportion of active enzyme in preparation). During the comparison of different enzymes on different promoters, defects in catalysis and the effect of specific activity can be ruled out by normalizing the activities of mutant RNAPs to wild-type RNAP activity on each promoter tested. As suggested by the referee, we therefore normalized the activities of the mutant enzymes and added quantification of the results below the gels in relevant figures (Fig. 1 E, G) . We also performed an additional experiment with mutant enzymes on the shortest active truncated promoter [-10]-21 (Fig. 1E, lanes 1'-4' ), which confirmed that the β' zipper is required for RNAP activity on this promoter. The new data, the explanation of conditions used, and description of the way comparisons between different enzymes were performed, have been added in the revised version of the manuscript (page 8, Fig. 1E ).
We agree that it was important to analyze the relative activities of E
ΔZipper and wild-type E, to ensure that observed differences in transcription initiation are indeed determined by differences in promoter utilization, rather than by catalytic properties or specific activities of enzymatic preparations. To analyze specific activities, we tested E ΔZipper and wild-type core enzymes in artificial elongation complexes formed on synthetic oligonucleotides scaffolds, at conditions of excess of oligonucleotides scaffolds over RNAP. Elongation complexes are very stable and the amount of active complexes thus directly reflects the amount of active RNAP in the reaction. The specific activities of E ΔZipper and the wild-type RNAP were found to be similar (Supplementary Fig.  2A) . Furthermore, the kinetics of NTP addition in the elongation complex was the same for the wild-type and mutant RNAPs (Supplementary Fig. 2A ). These data and its discussion were incorporated in the revised version of the paper (page 9, para 1; Supplementary Fig. 2A) .
""However, in the absence of σR4(when assembled with σ1-390) only removal of the β'zipper abolished all transcription (Fig.1E, lane 2' Fig. 2A, lanes 7, 13; 2B, lanes 8, 16) . Furthermore, even in the presence of the σR4/-35 element interaction, the β' zipper was important for RPc stabilization (Fig. 2E, lane 6; also 2C, D) . The instability of RPo formed by T. aquaticus RNAPs did not allow us to distinguish if, in the absence of -35 region, RPo formed by E ΔZipper σ A was also affected. New data and their discussion have been incorporated into the revised version (page 9-11, Fig. 2A-E) .
The authors cite some cross-linking data, but is this of sufficiently high resolution to be sure the seqs assigned to the cross link are in the Zipper ? ""In agreement with our conclusions, chemical cross-linking in the open complex(Naryshkin et al, 2000) revealed the contacts of the N-terminal region of β' subunit with both DNA strands around the position -20.""
We agree with the referee that the mapping in the paper mentioned is very coarse. It can also be argued that, while cross-linking data can give direct evidence for the proximity of DNA to a protein domain, they cannot prove the interaction between them. We therefore removed this reference.
Instead we performed additional experiments with E
ΔZipper RNAP (DNase I footprinting and KMnO 4 probing and promoter complexes stability assays), which support the idea that the β' zipper is involved in direct interaction with DNA (Fig. 1E, 2A-E; pages 8-11 ).
The extent of decrease needs to be given in the text, and again is this at the level of RPc and or
RPo?Later one learns of a KMnO4 footprint, which goes some way to answering the question.
""As can be seen from Figure 2A , switching of the spacer sequence in the absence of either -35 element or σR4 domain decreased the level of transcription (Fig. 2A, lanes 4, 4',6 ,6' ).
We quantified all the data in the paper, and, as requested, state the extent of decrease in the text (page 12, para 1). As shown by DNase I and KMnO 4 footprinting (which was done at equilibrium conditions without heparin), the change of the spacer sequence in the absence of σR4/-35 element interactions decreases RPo formation, but does not influence RPc formation ( Fig. 2A, B) even at KMnO 4 conditions (see below; Supplementary Fig. 4 ). We also restructured this part of the paper such that the effects of switching of spacer sequence on transcription are immediately followed by the footprinting data (page 12, para 1, 2).
Similarly-how much the spacer seq interaction contributes needs to be given in the text, and arguments that the spacer seq variants don't impact on -35 and -10 recognition needs to be marshalled-since they may cause eg changes in DNA trajectory in RPc, with effects on -10 and or -135 binding.Later the authors admit changes in DNA structure might be at play:At present, we cannot distinguish whether the Z-element is recognized as a sequence or if it changes the local conformation/properties of the promoter DNA (Liu et al, 2004) , though promoter curvature prediction favors the former possibility (Supplementary Fig. 3E ).
""specific interaction of β' zipper with the spacer were found to contribute to promoter strength even in the presence of specific -35σR4 interactions (Supplementary Fig. 3A ).
The contribution of promoter spacer in the presence of the -35 element was analyzed in a salt stability assay. In revised version of the manuscript, quantification of results of this experiment is shown as plots of RNAP activity vs salt concentration in Fig. 2D .
As suggested by the referee, following the presentation of the results of effects of Zelement deletion, we discuss the possibility that the Z-element may change the structure of promoter and thus influence -10 recognition or some downstream contacts of promoter with RNAP (effects on recognition of the -35 element are unlikely, since the Z-element deletion affects transcription even in the absence of σR4/-35 element interactions) (page 12, bottom para). However, our data (including new results on stability of promoter complexes of E ΔZipper and promoter utilization by E. coli RNAP (Figs. 2A-E, 3A) ) favor a possibility that the Z-element contributes to promoter utilization through interaction with the β' zipper. We incorporated new data in the revised version of the manuscript, and modified discussion of the results accordingly (page 12-14, 19-20) .
Can the authors distinguish unstable RPo formation-did they try permanganate without a heparin challenge for example? Also, do the authors know that RPc persists when KMnO4 conditions are used in their concluding that RPo formation is not occuring? ""The results indicate that in the absence of specific interactions σR4 with the -35 element, the β' zipper establishes sequence-specific interactions with the spacer that are required for the formation of the promoter open complex.""
Permanganate footprinting was done at equilibrium conditions, in the absence of heparin. We therefore were able to detect unstable complexes. This is now mentioned in the text (page 9, bottom). As suggested by the referee, we performed DNase I footprinting control at conditions of KMnO 4 probing (Supplementary Fig. 4 ; page 12, para 2). We found that RPc on [-10/sw-24-18 ] at these conditions persists, supporting our conclusion that only the opening of promoter is affected.
The pausing section-again, might it be correct -10 recognition is needed via a an optimal spacer sequence helping to place he recognition elemnst of teh sigma in register?Again-I quote from the authors review of the DNA structure considerations:
""At present, we cannot distinguish whether the Z-element is recognized as a sequence or if it changes the local conformation/properties of the promoter DNA (Liu et al, 2004) , though promoter curvature prediction favors the former possibility (Supplementary Fig. 3E ).""
We agree with the referee that Z-like element action independently of the β' zipper (through changes of the structure of promoter spacer) remains a possibility. We now mention this in the text (page 18, para 2). However, our data (including new results on stability of promoter complexes of E ΔZipper and promoter utilization by E. coli RNAP (Figs. 2A-E, 3A) ) on promoter utilization favor the possibility that Z-element action is directly mediated by the β' zipper, suggesting, by extension, that the same mechanism is utilized during σ-dependent pausing. We discuss possible mechanisms of Z-element action in 18) We strengthen the revised version with additional data, highlight remaining uncertainties, and addressed specific points as explained below. We made a major revision of the text in terms of moderating conclusions, highlighting remaining uncertainties, and adding new data. We agree that mapping in Naryshkin et al. was very coarse. Also, cross-linking data can provide only information about proximity of groups but not about their actual interactions. We therefore removed this reference. Instead we obtained additional data including data demonstrating the involvement of the β' zipper in promoter complexes stabilization ( Figs. 2A-E ). Taken together with the previous results, the new data support the idea that the β' zipper participates in promoter utilization through direct contacts with DNA. We discuss the evidence throughout the text (pages 8-10) and summarize it on page 11, para 2.
We agree that sequence-specific recognition of the Z-element by the β' zipper cannot be firmly concluded from the presented results. However, the results (including new results on stabilities of promoter complexes (Figs. 2A-E) and transcription with E. coli RNAP (Fig. 3A) ) suggest that the Z-element contributes to the promoter utilization through interaction with the β' zipper. The β' zipper may recognize the sequence or the local structure of the spacer. We changed the text accordingly and discuss these possibilities in details in Results (page 12-13) and Discussion (page 19-20) sections of the revised version of the manuscript. We performed additional experiments with wild-type and mutant (bearing substitutions in the β' zipper) E. coli RNAPs (Fig. 3A) . The results showed that this RNAPs behaved similar to T. aquaticus RNAP with respect to the Z-element and the β' zipper involvement in promoter utilization and suggested that the Z-element acts though the β' zipper, thus supporting the conclusions of the paper. We also tested wild-type B. subtilis RNAP, which gave results essentially the same as those obtained with E. coli RNAP (Fig. 3B) . We also analyzed wild-type and mutant E. coli RNAPs in σ-dependent promoter proximal pausing, which gave results similar to those obtained with T. aquaticus RNAP ( Fig. 4C ; see also response to the next comment). Furthermore, we showed that amino acids that determine the β' zipper functions in promoter utilization but not in promoter escape or elongation are essential for E. coli cell viability (Fig. 3D, Supplementary Fig. 6 ). Taken together, the results suggest that the roles of the β' zipper and the Z-element in promoter utilization and σ-dependent pausing are conserved in bacteria.
The authors identify the
A thorough characterization of promoter is required for it to be studied by approaches used in our work. Many of promoters found in the bioinformatics search overlap with other promoters, are heavily regulated by transcription factors, or have hardly recognizable basal promoter elements, making them unsuitable for biochemical analysis performed in our paper. In contrast, promoters used by us were well-characterized by a number of groups. We showed that the Z-element is active with three distantly related RNAPs (T. aquaticus, E. coli and B. subtilis). We mention in the text that Z-elements of promoters found in the bioinformatics search need to be confirmed experimentally (page 15 para 2; Supplementary Note, page 3), but this is outside the scope of our work. The pause efficiency is determined by the strength of a pause signal, while the half-life of a pause is further influenced by stabilization events, such as RNAP active centre isomerization or backtracking. While the effects of deletions of either the Z-like element or the β' zipper on pause efficiency were similar, the β' zipper deletion resulted in increased half-life of the pause (Fig. 4B) . We additionally analyzed σ-dependent pausing by E. coli RNAP. We compared pausing by wildtype RNAP and a mutant bearing alanine substitutions of conserved arginine and tyrosine in the β' zipper ( Fig. 4C ) (E. coli RNAP with deletion of entire β' zipper was inactive in transcription initiation). The results supported our conclusions on the effects of the Z-like element and the β' zipper on pause efficiency (compare Fig. 4B, C) . However, the half-life of the pause was not affected significantly by mutations in the β' zipper (compare Fig. 4B, C) . Taken together, these results suggest that the effect on the pause half-life observed with E
If the Z element is
ΔZipper σ
A was caused by deletion of amino acids other than those that determine the function of the β' zipper in promoter utilization. The longer pause half-life indicates better stabilization of pause. Previous studies of the σ-dependent pause on lacUV5 promoter showed that the pause is stabilized by backtracking of the paused complex. This suggests that RNAP lacking the whole β' zipper may be more prone to backtracking. Further analysis will be required to test this hypothesis. We discuss this issue in the revised version of the paper (page 18, para 3).
Also, although qualitatively the conclusions appear sound, all the data should be quantified to facilitate interpretation and provide an estimate of experimental errors in these measurements (for example, in Fig. 1D ).
In the revised version of the manuscript, we present quantification of all the data.
Minor comments
State that T. aquaticus RNAP was used when introducing the assay (on page 6).
We changed the text accordingly (first para of Results). 
Although it is
